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In this issue, Willenbrock et al. (1)
address how leukocytes achieve decel-
eration during rolling and arrest on
endothelium in the vasculature near
tissue sites of inflammatory insult.
While cell capture from the blood
stream and rolling is largely the func-
tional domain of selectin adhesion
receptors that are constitutively ex-
pressed on leukocytes and rapidly
deployed on endothelium to bind
glycosylated ligands, they are not suffi-
cient to decelerate leukocytes. This is
the function of integrins, which are
transmembrane heterodimers consist-
ing of a large head on two legs
that extend during cell activation to
mediate ligand binding (2). Most of
the heterodimer is expressed extracel-
lularly, but both subunits traverse the
plasma membrane and terminate in
short cytoplasmic domains where
they dynamically assemble with cyto-
skeletal and signaling complexes.
Thus, ligand binding via integrins
facilitates cell arrest in the stiff shear
force of blood flow and serves to
bridge the extracellular milieu to the
intracellular cytoskeleton—a critical
step for initiating transendothelial
migration (3). Two decades have
elapsed since natural mutations were
discovered in the genes coding for
integrin and selectin receptors that
cause human leukocyte adhesion defi-
ciency disease, LAD-I and LAD-II,
respectively (4). Intense study of the
relationship between structure and
function has revealed that integrinshttp://dx.doi.org/10.1016/j.bpj.2013.07.030
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control access of leukocytes by under-
going an allosteric shape shift and
laterally redistribute on the membrane
to modulate the affinity and valence
in binding to Ig-superfamily counterre-
ceptors including ICAM-1 upregulated
on inflamed endothelium. Bond forma-
tion on the outside has direct influence
on integrin linkage on the inside to the
cortical cytoskeleton that in part deter-
mines bond lifetime and adhesive
strength.
The most recent immunodeficiency
associated with impaired leukocyte
recruitment is the LAD-III phenotype,
characterized as a loss of function
mutation in Kindlin3, the predominant
isoform expressed in leukocytes (5).
This adaptor molecule is necessary
for triggering the allosteric shift in in-
tegrins and a rapid increase in density
of focal clusters on the plasma
membrane necessary for binding to
ICAM-1 in sufficient numbers to
decelerate the cell. A recent flurry of
studies have focused on the role of
Kindlin3 in integrin function, revealing
that its participation in postcapture
adhesive events involves association
and the b-subunit cytoplasmic domain
of LFA-1 and the cortical cytoskeleton
via talin (6). Evidence of the associa-
tion of Kindlin3 with the cortical cyto-
skeleton only provides a static readout
of how the brakes are deployed during
leukocyte touchdown and taxiing to
sites of transmigration. To evaluate
the complex and overlapping mole-
cular binding events and discriminate
their respective contributions to decel-
eration and arrest, it is necessary to
carefully track the position and
velocity of cells as a function of time.
An automated solution, denoted
‘‘Leukotrack’’, was developed by
Willenbrock et al. to identify leuko-
cytes captured by video microscopy
while rejecting streaks and small
debris that otherwise can bias the accu-
rate analysis of cell trajectory under
shear flow. This program facilitates
analysis of the diverse kinematics ex-
hibited by leukocytes during exposureto hydrodynamic shear while interact-
ing on a substrate. By storing the
position of each cell using a nearest-
neighbor image analysis algorithm,
Leukotrack effectively discriminates
rolling from arrested and migrating
cell behaviors and facilitates a statis-
tical comparison that otherwise would
be laborious, mind-numbing work.
To address the specific defects in
leukocyte rolling and deceleration to
arrest in LAD-III patients, Willenbrock
et al. (1) employed Epstein Barr virus-
transformed B lymphoblastoid cells
derived from peripheral blood mono-
nuclear cells of Turkish LAD-III
patients. The adhesive behavior of
transformed B cells was compared
between two patients and parent
Epstein Barr virus-transformed cells.
B-cell rolling on E-selectin induced a
distinct activation signal to shift
LFA-1 to a high affinity state that binds
tightly to its cognate endothelial ligand
ICAM-1 under shear flow. This tech-
nique made possible direct imaging
of LFA-1-mediated adhesion of B cells
and the Leukotrack program provided
acquisition of kinetic data from
hundreds of cell trajectories, thereby
facilitating discrimination of the role
of Kindlin3 in LFA-1-mediated activa-
tion and its participation in the multi-
step process of recruitment.
A key question addressed by the
analysis was how dynamic signaling
via E-selectin ligation allosterically
triggers the extension of LFA-1 and
upshift from low to an intermediate
and high affinity conformation through
a mechanosensory mechanism pro-
moted by shear-induced bond tension.
Recent data from my laboratory and
others indicate that coupling of
LFA-1 to the actin cytoskeleton is
required for high affinity and mul-
tivalent binding to heterodimeric
ICAM-1 (3,7). Remaining unresolved
is how Kindlin3 functions in leukocyte
deceleration in the context of associa-
tion with the cytoplasmic domain of
1092 Simonb2-integrin, and simultaneously with
additional activation adaptors includ-
ing talin and migfilin. Their strategy
was to clock B-cell movement while
comparing LAD-III transformed with
control cells in terms of shifts in the
population distributions of rolling
velocity. The contribution of LFA-1-
mediated slow rolling and arrest
was assessed by analyzing B-cell
kinematics on substrates expressing
E-selectin alone, or in combination
with ICAM-1. Discrimination between
LAD-III and control rolling behavior
was demonstrated by shifts in rolling
velocity and arrest behavior in up to
30% of the population.
Even with this heterogeneity in
population rolling behavior, the Leu-
kotrack program proved its mettle by
discriminating between control and
LAD-III B-cell rolling with a standard
deviation that was only 25% of the
mean rolling velocity. It has been
shown that the mean and variance of
rolling velocities can be linked to
molecular events underlying the
observed cellular motion such as esti-
mations of the average distance and
lifetime of bond clusters resisting the
applied fluid force (8). The latter
stochastic model of leukocyte rolling
predicted that the distribution of
experimentally derived rolling veloc-
ities is influenced not only by the
choice of the width of the time
window used to measure cell position
between video frames, but also by
analysis of the variance or dispersion
of rolling velocity data acquired
under different experimental condi-
tions. Thus, Leukotrack can maximize
discrimination of heterogeneity in the
population behavior independent of
the temporal resolution of kinematic
analysis by narrowing the dispersion
through automated and precise dataBiophysical Journal 105(5) 1091–1092collection of large numbers of cells
interacting with the substrate.
To analyze the relative contributions
of Kindlin3, talin, and filamin, and
their association with the integrin cyto-
plasmic domain to slow rolling and
arrest, B cells were treated with
Tat-coupled b2 subunit tail peptides
targeted to enter the cell and interfere
with Kindlin3 and/or talin binding.
Consistent with the finding that
LFA-1 uses both Kindlin-3 and talin
during upshift from a low to high
affinity state that mediates B-cell
deceleration, both b2 tail peptides
acted in a dominant interfering manner
and rolling behavior resembled that on
E-selectin alone. These data reveal the
utility of the Leukotrack program to
quantify significant shifts in the veloc-
ity distribution and reveal that Kind-
lin3 and talin act independently and
directly on the b2 subunit to mediate
slow rolling. Finally, Willenbrock
et al. directly evaluated the affinity
state achieved by LFA-1 after rolling
on E-selectin by evaluating B-cell
binding to substrate immobilized anti-
bodies that recognize the high affinity
state of LFA-1. These data clearly
showed that the high affinity, and not
extended intermediate affinity, is
achieved by rolling on E-selectin and
this was associated with slow rolling.
There is heightened interest in
discovering the role of molecules that
alter the affinity state of integrins
during the dynamic events that follow
margination of leukocytes to the
vascular wall. It is clear that extracel-
lular events determined by intrinsic
properties of integrin bonds (i.e., Kon,
Koff, and mechanical compliance) can
significantly alter the kinematics of
motion including the shear rate and
stress at which leukocytes capture
rolling velocity, and the efficiency bywhich deceleration transitions to
arrest. Indeed, the LAD-III phenotype
is characterized by its inability to
effectively transition to firm arrest
and adopt a migratory phenotype.
This appears to be chiefly due to a
defect in the capacity of LFA-1 to
upshift affinity and bind with high
avidity to ICAM-1. This study and
the Leukotrack program clearly
demonstrate that clocking leukocyte
velocity and providing its distribution
and variance in an automated manner
can provide an inner view of molecular
events on the cytoplasmic side that
determine the efficiency of leukocyte
recruitment and subsequent immune
function in tissues.REFERENCES
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